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ABSTRACT
We selected a sample of post-AGB candidates in the Magellanic Clouds on the basis of their near- and mid-infrared colour charac-
teristics. Fifteen of the most optically bright post-AGB candidates were observed with the South African Large Telescope in order to
determine their stellar parameters and thus to validate or discriminate their nature as post-AGB objects in the Magellanic Clouds. The
spectral types of absorption-line objects were estimated according to the MK classification, and effective temperatures were obtained
by means of stellar atmosphere modelling. Emission-line objects were classified on the basis of the fluxes of the emission lines and
the presence of the continuum. Out of 15 observed objects, only 4 appear to be genuine post-AGB stars (27%). In the SMC, 1 out of
4 is post-AGB, and in the LMC, 3 out 11 are post-AGB objects. Thus, we can conclude that the selected region in the colour-colour
diagram, while selecting the genuine post-AGB objects, overlaps severely with other types of objects, in particular young stellar
objects and planetary nebulae. Additional classification criteria are required to distinguish between post-AGB stars and other types
of objects. In particular, photometry at far-IR wavelengths would greatly assist in distinguishing young stellar objects from evolved
ones. On the other hand, we showed that the low-resolution optical spectra appear to be sufficient to determine whether the candidates
are post-AGB objects.
Key words. interstellar medium: planetary nebulae: general – stars: AGB and post-AGB – interstellar medium: molecules – stars:
pre-main-sequence
1. Introduction
The stars with the initial mass range of about 1− 8 M lose most
of their mass during the asymptotic giant branch (AGB) phase
(see e.g. Habing & Olofsson 2004, for review). Once the star
leaves the AGB, it starts to increase its surface temperature and
the mass loss gradually decreases. The star is heavily obscured
by an expanding dusty envelope until the envelope disperses into
the interstellar medium. Post-AGB1 stars comprise a group of
objects in the transition stage between the AGB and planetary
nebula (PN) phase. Most of them are quite faint or even unde-
tectable in the optical. Their spectral energy distribution (SED)
is dominated by a dusty shell, which is bright in the infrared. The
SED show one or two distinguishable peaks (one corresponding
to the shell and the other to the central star, if visible), depend-
ing on the orientation and characteristics of the dusty shell (e.g.
Siódmiak et al. 2008). Only about 300 post-AGB stars are known
? Based on observations made with the Southern African Large Tele-
scope (SALT)
1 Sometimes they are referred to as proto-planetary nebulae (PPN).
However, those post-AGB stars, which evolve too slowly, may avoid
the PN phase.
in our Galaxy. This small number is due primarily to their short
evolutionary timescale (Szczerba et al. 2007).
The Magellanic Clouds (MCs) provide an excellent envi-
ronment to study stellar populations thanks to the known dis-
tances and negligible extinction. However, only about 70 op-
tically bright post-AGB candidates have been suggested in the
Large Magellanic Cloud (LMC) (van Aarle et al. 2011) and 21
high-probability post-AGB candidates have been found in Small
Magellanic Cloud (SMC) (Kamath et al. 2014) using optical
spectroscopy. Kamath et al. (2015) extended the analysis of van
Aarle et al. (2011), and selected 35 likely post-AGBs in the LMC
on the basis of determined stellar parameters.
We selected a sample of post-AGB candidates in the MCs us-
ing solely the infrared colours (for details, see Sect.2) of known
post-AGB stars from our Galaxy and the MCs. The selected re-
gion on the colour-colour diagram (CCD) is not free from other
kinds of objects, namely planetary nebulae, young stellar objects
(YSOs), or Seyfert galaxies. While these objects have different
spectral characteristics in the optical than post-AGB stars, they
could have similar photometric colours or magnitudes. However,
Seyfert galaxies can be easily distinguished by means of the ra-
dial velocity shift, while PNe show highly excited emission lines
requiring a hot central source.
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Fig. 1. Colour-colour diagram used for the selection of the post-AGB candidates. The main post-AGB candidate area is above the black lines. The
numbers in parentheses in the inset list the total number of each class of objects plotted in this figure (see text for details).
We performed spectroscopic observations of the brightest
objects in optical wavelengths. The sample was selected on the
basis of the optical photometry from Zaritsky et al. (2004) for the
LMC and Zaritsky et al. (2002) for the SMC. In one case, data
from the NOMAD catalogue (Zacharias et al. 2004) were used.
The immediate goal is to know which objects in the sample be-
long to the small class of post-AGB objects so that we might add
to the confirmed sample and better understand their properties,
while the overall goal is to determine the fraction of post-AGB
stars and other types of objects (planetary nebulae, young stellar
objects) that are present in the infrared-selected sample.
The paper is organised as follows. In Section 2 we describe
our criteria used for the selection of post-AGB candidates in the
MCs, and in Section 3 we describe briefly their South African
Large Telescope (SALT) observations and present complemen-
tary photometric data. In Section 4 we discuss results, starting
with emission-line objects and then the objects with absorption
lines in their spectra. Model atmospheres are used to determine
physical parameters of the latter group. Finally, we present the
discussion and summary.
2. Selection of post-AGB candidates
van Aarle et al. (2011) identified some high-probability post-
AGB objects in the LMC, using a combination of infrared pho-
tometry from the Spitzer Space Telescope (SST: Werner et al.
2004) and ground-based optical data. The work on selecting
post-AGB candidates in the LMC was then extended by Ka-
math et al. (2015). A similar work to search for optically visible
post-AGB candidates in the SMC was carried out by Kamath
et al. (2014). Interestingly, post-red giant branch (post-RGB)
stars were recognised in the SMC and LMC by Kamath et al.
(2014) and Kamath et al. (2015), respectively. In addition, the
authors show that SEDs indicative of discs (results of binary evo-
lution) are dominant among post-AGB and post-RGB objects.
In all these works spectroscopic confirmation (determination
of the stellar parameters from the spectral observations) was still
necessary to recognise the real nature of the object. However,
the large initial number of candidates required a correspondingly
large number of spectra to be obtained. For example, Kamath
et al. (2014) obtained spectra for 801 SMC objects to find out
that 21 of them are ‘likely post-AGB’ and 42 are post-RGB ob-
jects (about 8%), while in the case of the LMC Kamath et al.
(2015) classified 35 sources as ‘likely post-AGB’, and 119 as
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post-RGB objects by analysis spectra for 2102 sources (i.e. about
7% are confirmed post-AGB and/or RGB objects).
In general, there are no good mid-IR colour-colour or colour-
magnitude criteria for selecting post-AGB candidates. The AGB
stars, which generally have simpler geometry of circumstellar
shells than post-AGB objects, can be more easily recognised on
CCDs or colour-magnitude diagrams (CMDs) (see e.g. Blum
et al. 2006; Sewiło et al. 2013; Matsuura et al. 2014). For ex-
ample, the CMDs discussed by Blum et al. (2006) are shown
for LMC objects from Jones et al. (2017) in Appendix A. While
some groups of objects (like AGBs, massive stars, or planetary
nebulae) are located in relatively distinct regions of the CCDs,
the post-AGB objects are highly mixed with these groups (espe-
cially with YSOs and PNe).
To select post-AGB candidates in the Magellanic Clouds,
we used K−[8] versus K−[24] CCD. This diagram can be used
for sources with and without known distances. We verified that
among different CCDs constructed from near-IR and SST pho-
tometry, this CCD is the best suited for separating evolved stars
from other types of objects (Szczerba et al. 2016; Matsuura et al.
2014; Jones et al. 2017). Both O- and C-rich AGB stars are
nicely separated on this diagram and there is a region where
post-AGB objects are located as well, but mixed especially with
young stellar objects (Szczerba et al. 2016; Jones et al. 2017).
The colour indices constructed using wavelengths longer than
24 µm would serve better as a discriminator between evolved
and young stars. The reason is that very often YSOs are em-
bedded in their parental cloud and this results in a larger far-
IR excess than is observed from post-AGB objects. However,
IRAS (Neugebauer et al. 1984), AKARI (Murakami et al. 2007),
and SST observations at longer wavelengths are not as numer-
ous for the MCs objects as are the SST photometric data at 24
µm. For the post-AGB candidates in the LMC and SMC on this
CCD, we used K photometry from 2MASS and 8 and 24 µm
SST photometry from the Surveying the Agents of a Galaxy’s
Evolution (SAGE) project (Meixner et al. 2006) for the LMC
and SAGE-SMC (Gordon & SAGE-SMC Spitzer Legacy Team
2010).
The first step was to identify the region on this CCD which
contains most of the known post-AGB objects. For this pur-
pose we used a sample of Galactic post-AGB objects from the
Torun catalogue (Szczerba et al. 2007, 2012). In Figure 1 we
present their distribution, based on synthetic photometry from
their Infrared Space Observatory (ISO) spectra, as black star
symbols (Galactic post-AGB in the inset on Fig. 1). The sam-
ple of post-AGB candidates in the LMC and SMC, known to
us at the time of the SALT proposal preparation, from Volk
et al. (2011), are plotted as cyan squares (Volk11_C-PAGB).
The selection of post-AGB candidates in Volk et al. (2011) was
based on the SAGE-Spec Spitzer Legacy Program (Kemper et al.
2010). Using triangles of different colours and orientations we
show the positions of newly discovered (RP06-newPN) and pre-
viously known (RP06-oldPN) LMC planetary nebulae from Reid
& Parker (2006), as well as those from Leisy & Dennefeld
(2006) (LD06-PN). The number of sources plotted, limited by
available photometry of good quality, is shown in parentheses in
the inset.
In addition, in Figure 1 we overplot positions of self-
consistent time-dependent hydrodynamical (HD) radiative trans-
fer calculations for gaseous dusty circumstellar shells around C-
rich and O-rich stars in the final stages of their AGB/post-AGB
evolution. These calculations are based on the evolutionary track
for a star with an initial mass of 3.0 M, which, due to mass loss,
is reduced to a typical mass for central stars of post-AGB ob-
jects of 0.605 M (Bloecker 1995) at the end of the AGB evo-
lution. We used a single dust grain size (a=0.05 µm) for both
chemical compositions: amorphous carbon (AC) and astronomi-
cal silicates (ASil) (see Steffen et al. 1998, for details). The HD
evolutionary track for AC dust is shown by red/orange dots (C-
AGB Track/C-PAGB Track in the inset on Fig.1), while for ASil
dust by blue/green dots (O-AGB Track/O-PAGB Track) for the
AGB/post-AGB phase, respectively. The HD models are plotted
in equidistant intervals in time (100 years for AGB and 0.3 year
for post-AGB), so the density of the points is a direct measure of
the probability of finding various objects in different parts of the
diagram. The last 200 years during AGB (the quick transition to
post-AGB phase) are plotted each 20 years. The AGB phase cov-
ers 350 000 years, while the post-AGB only about 1 000 years.
While new models for the evolution of post-AGB stars exist
(Miller Bertolami 2016), their much faster evolution results in
optically thicker circumstellar envelopes for the post-AGB mod-
els, thus resulting in a smaller loops in the diagram. For the pur-
pose of post-AGB candidates selection, the older evolutionary
tracks of Bloecker (1995) seem to be sufficient and appropriate.
Taking into account the distribution of different classes of
sources as well as the position of post-AGB HD tracks, we de-
fined somewhat arbitrarily a region which should contain post-
AGB objects. This region is located in the upper left portion of
Figure 1. The boundary points, which allow us to reconstruct the
lines delineating the lower boundary of the post-AGB region in
the (K-[8.0], K-[24]) plane are (-1.0, 4.6), (0.75, 4.6), (4.4, 8.6),
(6.5, 8.6), and (14.0, 17.5). Although these boundary lines were
based on post-AGB objects from the Galaxy, for the purpose of
selecting post-AGB candidates in the two MCs, we assume that
they lie in the same region on the colour-colour plane. We note
that K-[8.0] minimum and maximum values are arbitrary, and
are related to the size of the plot. The selected objects are dis-
tributed within 0 <K-[8.0] < 12 (see below).
Altogether we selected 716 and 274 post-AGB candidates
in the LMC and SMC, respectively, in this way. However, this
approach does not guarantee that only post-AGB objects are se-
lected. We should expect contamination by other sources with
similar SEDs in the 2–24 µm range, like oxygen-rich AGB stars,
PNe, and especially YSOs (see e.g. Szczerba et al. 2016). To
test our selection criteria for post-AGB candidates, we selected a
small subsample of 15 post-AGB candidates (SALT-target in the
inset on Fig. 1) in order to validate their nature with the SALT
telescope. We selected the brightest post-AGB candidates (the
faintest has 16.6 mag in V). For these candidates we expected
to obtain S/N ≥ 30, which would be sufficient for spectral type
classification. In addition, we observed for comparison purposes
one relatively bright star with a spectral type similar to that ex-
pected for the post-AGB stars, the yellow supergiant Sk 105.
The observed sources are listed in Table 1. This table contains
for each source its running number (SK 105 does not have an
attributed running number); SAGE designation, short name, and
2 MASS designation (and IRAS and other names if they exist);
and coordinates (sources are ordered according to right ascen-
sion, R.A.) taken from the SAGE catalogues. Four of our post-
AGB candidates come from the SMC, while 11 are from the
LMC.
3. Observations
We made our observations with the Robert Stobie Spectrograph
mounted on the South African Large Telescope (SALT). Two
settings were used. The red setting used the 900 l/mm grat-
ing and an 8 arcmin long, 1.2 arcsec wide slit. The spectrum
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Table 1. Designations and positions for the standard star and post-AGB candidates in the Magellanic Clouds.
No. SAGE Name Short Name 2MASS Name IRAS Name Other Names R.A. (J2000) Dec. (J2000)
(deg) (deg)
J010243.04−720726.0 Sk 105 J01024303−7207260 Sk 105 15.679338 -72.123913
1 J004747.63−731727.7 J004747 J00474753−7317277 [M2002] SMC 9251 11.948482 -73.291038
2 J004841.88−732615.2 J004841 J00484187−7326151 LHA 115-N 31 12.174516 -73.437567
3 J010546.42−714705.2 J010546 J01054645−7147053 [BSS2007] 255 16.443433 -71.784802
4 J011542.87−730959.3 J011542 J01154286−7309592 LHA 115-N 86 18.928606 -73.166479
5 J045747.93−662844.9 J045747 J04574795−6628448 MSX LMC 1225 74.449714 -66.479165
6 J045907.37−654313.4 J045907 J04590738−6543134 04589−6547 LHA 120-S 10 74.780710 -65.720396
7 J051110.61−661253.8 J051110 J05111065−6612537 05110−6616 MSX LMC 287 77.794406 -66.214932
8 J051228.18−690755.7 J051228 J05122821−6907556 05127−6911 [WSI2008] 365 78.117368 -69.132202
9 J052043.86−692341.0 J052043 J05204385−6923403 S05211−6926 [WSI2008] 531 80.182631 -69.394729
10 J052229.14−710814.9 J052229 J05222918−7108149 05232−7111 80.621451 -71.137499
11 J052520.76−705007.5 J052520 J05252077−7050075 Z05259−7052 81.336610 -70.835424
12 J052915.66−673247.4 J052915 J05291566−6732477 LHA 120-N 53 82.315290 -67.546480
13 J053348.91−701323.6 J053348 J05334893−7013234 MSX LMC 755 83.453744 -70.223224
14 J054055.81−691614.6 J054055 J05405584−6916146 [WSI2008] 1044 85.232873 -69.270746
15 J055825.96−694425.8 J055825 J05582596−6944257 05588−6944 MSX LMC 1601 89.608238 -69.740510
Note: Positions are from the SAGE LMC and SMC surveys for all the sources.
Table 2. Log of spectroscopic observations.
date No.1 short set3 V4 exposure
name2 [mag] time [s]
2011/09/30 4 J011542 red 16.15 900×2
Sk 105 red 11.82 80×2
90×2
180×2
2011/10/05 2 J004841 red 15.40 1200
587
15 J055825 red 15.42 350×2
2011/10/09 6 J045907 red 13.30 250×2
5 J045747 red 14.82 310×2
7 J051110 red 16.62 1100×2
2011/10/11 1 J004747 red 15.38 400×2
14 J054055 red 14.38 200×2
2011/10/28 15 J055825 blue 15.42 920×2
2011/11/14 3 J010546 red 15.44 320×2
2011/11/22 12 J052915 red 16.63 920×2
2011/12/17 13 J053348 red 15.56 510×2
2012/01/06 11 J052520 red 15.34 300×2
10 J052229 red 16.58 900×2
2012/01/07 11 J052520 blue 15.34 1500×2
2012/01/10 5 J045747 red 14.82 310×2
2012/01/11 9 J052043 red 15.08 300×2
7 J051110 red 16.62 1100×2
2012/01/29 8 J051228 red 16.15 900×2
2012/02/29 6 J045907 red 13.30 150×2
1 See Tab.1 for the object’s running number.
2 See Tab.1 for the designations of the observed objects.
3 setting
4 See Tab.3 for the source of V photometry.
covered the wavelength range 6160 − 9140 Å, with two gaps,
7130 − 7200 Å and 8170 − 8220 Å, and a resolution of R=1500
(1 Å/pix) at the central wavelength. The blue setting used a slit
similar to that of the red setting and the 3000 l/mm grating.
It covered the wavelength range 3280 − 4090 Å, with the gaps
3550 − 3580 Å and 3840 − 3850 Å, and a resolution of R=3000
(0.25 Å/pix) at the central wavelength. The log of observations
is shown in Table 2, which contains date of observations, the ob-
ject running number (see Table 1 for these numbers), short object
name, setting, V magnitude, and the exposure time. Observations
were repeated when the observing conditions did not meet the
proposal criteria. Table 3 contains photometry and errors of the
observed sources at U, B, V, J, H, K, [3.6], [4.5], [5.8], 8.0], and
[24] (see the table notes for the source of the photometry).
4. Results
In the observed sample one object (J004747) has a rather fea-
tureless spectrum, ten objects show emission lines, or emission
and absorption lines in their spectra (see Fig. 2), while five ob-
jects show clear absorption-line spectra (including the standard
star Sk 105) (see Fig. 3). We classified objects with the absorp-
tion lines according to the MK system (Jacoby et al. 1984) and
performed quantitative analysis with atmospheric modelling to
derive their basic physical parameters.
For emission-line spectra, we analysed these line intensities
and measured radial velocities of emission lines present in the
spectra in order to assign them to the relevant object class. We
also inspected the 2D spectra in order to look for diffuse emis-
sion that could result from proximity of star forming regions.
Our results are summarised in Table 4, which contains the ob-
ject running number, short object name, classification of the ob-
ject according to the literature, spectral class obtained tentatively
from the comparison of the spectra with the spectra by Andrillat
et al. (1995), the effective temperature determined from our at-
mosphere modelling, log of the surface gravity obtained from
our atmosphere modelling, and remarks on the given object.
4.1. Emission-line objects
In Fig.2 we present the red spectra of the objects clearly show-
ing emission, and in two cases (J045907, J054055) also showing
absorption lines of He I. The objects are plotted in order of in-
creasing R.A. There are three SMC and eight LMC objects in
the plot. Below we discuss in detail their spectra.
Object No.1: (see Table 1) J004747 is an O7 dusty star
(Sheets et al. 2013). The SALT spectrum shows weak Hα emis-
sion superimposed on strong featureless continuum (top spec-
trum in Figure 2). Most probably it is residual emission not well
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Table 3. Photometry for the standard star and the Magellanic Clouds post-AGB candidates.
No. Short Name U B V B-V J H K [3.6] [4.5] [5.8] [8.0] [24]
Sk 105 11.849 11.933 11.820 0.113 10.832 10.638 10.577 10.447 10.347 10.372 10.353 10.520
± 0.076 0.163 0.300 0.023 0.025 0.025 0.036 0.039 0.031 0.0 0.137
1 J004747 14.53 15.43 15.38 0.05 15.555 15.447 15.610a 15.496 14.126 12.371 5.676
± 0.03 0.02 0.04 0.069 0.113 0.123 0.070 0.143 0.094 0.012
2 J004841 15.346 15.471 15.400 0.071 15.360 15.203 14.491 13.155 11.455 9.905 3.589
± 0.151 0.086 0.073 0.056 0.108 0.101 0.044 0.038 0.067 0.006
3 J010546 15.435 15.816 15.439 0.377 14.945 14.598 14.608 13.511 12.932 10.657 8.142 4.954
± 0.032 0.029 0.057 0.058 0.105 0.111 0.044 0.042 0.042 0.029 0.011
4 J011542 16.453 17.282 16.150 1.132 14.793 14.295 13.603 12.242 11.559 10.425 8.200 3.469
± 0.114 0.087 0.104 0.046 0.051 0.051 0.120 0.037 0.063 0.027 0.005
5 J045747 14.226 15.386 14.817 0.569 13.121 12.186 10.810 8.573 7.657 6.936 5.799 2.193
± 0.040 0.040 0.037 0.031 0.031 0.023 0.047 0.021 0.025 0.030 0.007
6 J045907 12.309 13.154 13.297 −0.143 13.658 13.831 13.726 13.420 12.664 11.891 8.757 3.146
± 0.118 0.029 0.094 0.026 0.039 0.045 0.049 0.025 0.048 0.027 0.005
7 J051110 20.528 18.416 16.629 1.787 13.295 12.844 12.844 12.125 11.688 9.937 7.384 3.561
± 0.192 0.050 0.033 0.028 0.031 0.030 0.043 0.045 0.036 0.027 0.007
8 J051228 15.598 16.586 16.154 0.432 15.682 14.927 14.254a 13.420 12.664 10.121 8.239 3.646
± 0.067 0.040 0.046 0.084 0.096 0.042 0.049 0.025 0.040 0.028 0.006
9 J052043 17.618 16.515 15.075 1.440 12.385 12.583 12.340 11.319 8.942 4.488
± 0.070 0.056 0.086 0.045 0.059 0.059 0.037 0.025 0.009
10 J052229 16.327 16.291 16.576 −0.285 14.255 13.642 13.292 12.221 11.067 9.263 4.042
± 0.060 0.044 0.103 0.064 0.088 0.057 0.071 0.055 0.033 0.008
11 J052520 17.562 16.570 15.335 1.245 13.627 13.445 13.310 13.086 12.927 11.206 8.587 4.124
± 0.040 0.030 0.020 0.032 0.035 0.039 0.041 0.034 0.056 0.031 0.009
12 J052915 15.945 17.093 16.628 0.465 16.620a 16.521a 15.881a 14.454 13.908 12.369 10.726 5.655
± 0.069 0.018 0.131 0.058 0.112 0.123 0.034 0.050 0.044 0.040 0.012
13 J053348 15.710b 15.560b 0.150 15.493 14.777 13.154 9.994 8.884 7.978 7.017 4.300
± 0.082 0.096 0.046 0.030 0.042 0.030 0.024 0.007
14 J054055 13.685 14.466 14.375 0.091 14.276 14.152 14.122 14.001 13.430 12.923 10.093 4.428
± 0.036 0.029 0.029 0.033 0.048 0.078 0.048 0.038 0.074 0.040 0.009
15 J055825 15.979 16.044 15.418 0.626 14.672 14.145 13.201 11.449 10.523 8.893 6.801 3.044
± 0.048 0.024 0.022 0.034 0.047 0.041 0.040 0.029 0.033 0.022 0.008
UBV photometry for SMC objects (the first four entries) from Zaritsky et al. (2002); for LMC objects (except J053348) from
Zaritsky et al. (2004); for J, H, K from 2MASS or, in a few cases, from 2MASS 6X; for [3.6], [4.5], [5.8], [8.0], and [24] from
SAGE LMC and SMC surveys.
a 2MASS 6X catalogue
b NOMAD catalogue (Zacharias et al. 2004).
subtracted from the background. No other spectral features have
been identified in the spectrum allowing for the object classifica-
tion. Diffuse background emission suggests that it is located in
an emission region and is likely a relatively young object.
Object No.2: J004841 shows [S iii] 6312 Å and 9069 Å lines
and likely the [Ar iii] 7751 Å line on a detectable continuum.
The object resides in a faint extended Hα emission region, and
was considered a very low excitation (VLE) object by Meysson-
nier & Azzopardi (1993) and classified as a young stellar object
(YSO) of B0 V? spectral type by Sheets et al. (2013). In addi-
tion, Oliveira et al. (2013) classified this object as a candidate
YSO.
Objects No.4: J011542 and No.5: J045747 have very sim-
ilar spectra: both show very strong Hα emission, exceeding by
far any other lines in the spectrum, with broad wings and no de-
tectable [N ii] 6583/6548 Å lines. Instead, they show Fe ii and
oxygen emission lines in the spectra. Paschen series lines in
emission dominate in the red part of the spectra. These character-
istics fits the criteria of the so-called Be phenomenon (Zickgraf
2000). However, these stars have strong IR excess, which is due
to circumstellar dust not to free-free emission as in classical Be
stars. Therefore, they are likely Herbig Ae/Be (HAeBe) stars.
The diffuse background emission, which is detected in the spec-
tra of both these objects (see Tab.4) and indicates that there is a
lot of matter in the vicinity of both stars, supports their classifi-
cation as young objects.
J045747 has a Spitzer spectrum and Jones et al. (2017) clas-
sified it as YSO4. As we have checked, its bolometric luminos-
ity is of the order of 45 000 solar luminosities, and there is no
doubt that this is a massive Herbig Ae/Be star taking into ac-
count the above-discussed properties; we note, however, that van
Aarle et al. 2011 retains J045747 in the catalogue of post-AGB
candidates. On the other hand, Kamath et al. (2014) classified
J011542 as a hot post-AGB/RGB candidate. We estimated that
the bolometric luminosity is about 18 000 solar luminosities, and
in principle it could be a massive post-AGB object. However, the
similarity of features observed in the optical spectra of both ob-
jects suggests that it is also a Herbig Ae/Be object.
Object No.6: J045907 and No.14: J054055 both show
strong Hα together with [N ii] 6584/6548 Å emission, and
6678 Å and 7065 Å He i absorption lines. In addition, emission
lines of Si ii 6347 Å and 6371 Å, [S iii] 6312 Å and 9069 Å, [S ii]
6716/6731 Å, and [O ii] 7319/7330 Å are seen in the spectra.
J045907 was classified as a O9ep/B1-2ep star by van Aarle et al.
(2011) and was not considered a post-AGB star, due to its exces-
sively high luminosity. Our spectrum suggests an O type (pos-
sibly O9e:), but it relies only on two He i lines (6678 Å and
7065 Å) seen in absorption. Similarly, J054055 has been classi-
fied as O-B type by van Aarle et al. (2011), and was not consid-
ered a post-AGB star, due to its observed luminosity exceeding
the upper limit expected for a post-AGB star. Our spectrum sug-
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Table 4. Summary of the results.
No. object literature class. our class. Teff log g remarks
Sk 105 F0I [1] A7-F2Ib 6500 0.5
1 J004747 O7 [2] YSO no emission lines, very strong dea
2 J004841 YSO [2] YSO [S iii],[N ii],[S ii],H i emissions; dea
3 J010546 YSO [3] B8Ia/b; pAGB 10000 3.0 H i; em object south to the target; no dea
15000 2.5
4 J011542 YSO [3] Herbig Ae/Be star? H i,Fe ii emissions;weak dea
5 J045747 pAGB cand [4] Herbig Ae/Be star? [N ii],H i Fe ii emissions; Hα with wide wings, dea
6 J045907 O9ep/B1-2ep [4] O9e: massive star [N ii],H i,[S ii],[O ii] emissions;He i absorption;no dea
7 J051110 pAGB cand F3II(e) [4] F0Ib 6750 0.5 H i,Ba ii and Li ı? absorptions; no dea
8 J051228 pAGB cand. [4] YSO cand. [5] YSO [N ii],H i,He i emissions; little dea
9 J052043 pAGB cand F5Ib(e) [4] F5I 6250 0.5 no dea
10 J052229 galaxy [4] galaxy RVel of ∼10000 km/s
11 J052520 pAGB cand A1Ia [4] A2Ib 6750 0.5 H i absorption,strong Sr ii 4077Å line - I luminosity class?;
no de
12 J052915 pAGB cand [4] PN [6] PN [O i],[S iii],[N ii],H i,[O ii],[Ar iii],[S iii] em.;
dea; em. object north to the target
13 J053348 R CrB type [7] WC [5] R CrB C ii, He i em, no Hα?; no or little dea
14 J054055 O-B type star [4] O9: massive star [S iii] 9069.19Å, He i absorptions; weak dea
15 J055825 eAGB [8] WC [5] R CrB unidentified lines & molecular bands in blue,
similar to J053348 in red; no dea
dea- background diffuse Hα emission is present in the field; [1] Neugent et al. (2010); [2] Sheets et al. (2013); [3] Bolatto et al. (2007); [4] van Aarle et al.
(2011); [5] Gruendl & Chu (2009); [6] Sanduleak et al. (1978); [7] Alcock et al. (1996); [8] Vijh et al. (2009)
gests O type (possibly O9), but again it relies on only two He i
absorption lines at 6678 Å and 7065 Å.
Object No.8: J051228 shows only Hα, [N ii] 6584/6548 Å,
He i 7065 Å, and O i 8446 Å lines superimposed on relatively
strong continuum in its spectrum. A planetary nebula central star
would have a much weaker continuum. van Aarle et al. (2011)
did not assign any spectral type for this object, but list it as a
post-AGB candidate. However, a weak diffuse emission is de-
tected in the vicinity of the object, which suggests its young age.
For this reason the object appears to be a YSO or H II region
rather than a post-AGB star.
Object No.10: J052229 shows Hα, [N ii] 6584/6548 Å,
[S ii] 6716/6731 Å, and other emission lines redshifted by
∼10000 km s−1 with respect to the LMC (Figure 2). We classify
it as a background galaxy, in agreement with van Aarle et al.
(2011).
Object No.12: J052915 is listed as a post-AGB candi-
date by van Aarle et al. (2011), but it is a known PN (Reid
& Parker 2010). Our observation supports this classification.
The object shows strong [N ii] 6584/6548 Å, [O i] 6300/6363 Å,
[S ii] 6723/6737 Å, [O ii] 7319/7330 Å, [S iii] 9096/6312 Å, and
[Ar iii] 7751 Å lines in addition to the helium and hydrogen lines.
Objects No.13: J053348 and No.15: J055825 show very
similar spectra (Figure 2). Alcock et al. (1996) classified
J053348 as a hot R CrB star with a Teff of about 20,000 K.
J055825 has been classified as an He-burning AGB star (Vijh
et al. 2009). Absorption lines or bands and emission lines are
observed in the blue part of the spectrum of J055825 (Figure
4). van Aarle et al. (2011) classified both objects as Wolf–Rayet
carbon stars and discard them from the post-AGB sample. They
noted, however, the resemblance of the spectra of both stars with
that of Galactic R CrB star V 348 Sagittarius.
4.2. Absorption-line objects
In Fig.3 we present the red spectra of the five objects with ab-
sorption lines in their spectra. First the spectrum of our stan-
dard star, Sk 105, is plotted, and then objects No. 11, 9, 7, and
3 (the only object from the SMC). We put them in order of de-
creasing R.A. to facilitate further discussion. We present our MK
classification of the spectra and by comparing the synthesised
colours for a given spectral class with observed values we derive
total (circumstellar plus interstellar) extinction. Then we present
quantitative analysis with the model atmosphere and spectra syn-
thesis technique to derive basic physical parameters of the ob-
jects.
4.2.1. MK classification
We performed the MK classification according to Gray & Cor-
bally (2009) and standards observed by Andrillat et al. (1995).
Our MK classifications relies mainly on the strength of the Ca ii
triplet 8498Å, 8542Å, and 8662Å, blended with P16, P15, and
P13 Paschen lines, relative to other lines from the Paschen se-
quence, which is sensitive to stellar temperature (Gray & Cor-
bally 2009). In supergiants the Paschen lines are narrower with
respect to other luminosity classes. However, it should be noted
that the standards observed by Andrillat et al. (1995) are mainly
(or exclusively) population I stars with higher metallicities than
our targets, thus more relevant for comparison with Galactic ob-
jects. The decreased metallicity in MC objects results in reduced
strength of the Ca ii lines. Thus, the spectral types and stellar
temperatures derived from MK classification based on the rel-
ative strength of the Ca ii lines would be systematically higher.
This poses the main problem and main source of uncertainties
in our classification. The spectral resolution of our observations
in the red setting and observations by Andrillat et al. (1995) is
quite similar (about 1 Å) and should not introduce additional un-
certainties.
All five objects show hydrogen Paschen series in absorption.
The lines are relatively narrow and deep, which results in lines
from upper levels, including those above P17, to be visible. This
indicates a supergiant luminosity class. The lines identified in
the spectra are listed in Tab. 4. The detailed discussion of the
spectral type classification of each is given below.
Sk 105 is a yellow supergiant of MK spectral type F0 I Neu-
gent et al. (2010). Our spectrum allowed us to constrain the spec-
tral type between A7 and F2, and luminosity class Ib. The pho-
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Fig. 2. Red spectra of the objects showing emission lines or emission and absorption lines. The spectra were normalised to continuum. A constant
offset of 2.5 was applied between the adjacent spectra. Telluric lines are indicated by wheel cross symbols at the top of the plot. Vertical dashed
lines give rest wavelength of the indicated emission lines. For clarity, lines representing Fe ii emissions are not described.
tometric B-V colour index (see Tab.3) match this spectral type
quite closely, assuming negligible circumstellar or interstellar
extinction, and the corresponding effective temperature for the
assigned F0Ib spectral type is 7460 K (Cox 2000).
Object No.11: J052520 is a C-rich post-AGB star with a
strong 21 µm dust feature (Volk et al. 2011; Matsuura et al.
2014; Sloan et al. 2014). This object varies with a periodicity
between 34 and 45 days, but does not have a stable dominant pe-
riod (Hrivnak et al. 2015). From their low-resolution spectra, van
Aarle et al. (2011) determined the spectral type of this object as
A1Ia (about 9700 K; Cox 2000), and estimated its effective tem-
perature from the SED to be 9250 ± 250 K. However, Matsuura
et al. (2014) derived a spectral type of F2-F5 I, with reference to
the spectral atlas of Jacoby et al. (1984), based on strong Ca II H
and K, weak G band, sharp weak H line absorption, and strong
O I 7774 Å seen in their spectrum.
J052520 was observed in the red and blue settings with
SALT (see blue spectrum in top panel of Fig. 4). We classify
this star as an A2Ib type (about 9000 K; Cox 2000). Clearly, the
Ca ii triplet is less pronounced than in Sk 105, indicating earlier
spectral type. Strong Ca II H and K lines present in the blue part
of the spectrum indicate, on the other hand, A0 type or later. The
spectrum shows strong Sr ii 4077 Å line, confirming luminosity
class I. J052520 clearly shows an s-process Ba element line at
6496 Å (see further discussion). The observed colour B-V=1.25
(Zaritsky et al. 2004), with a spectral type of A2I ((B-V)0=0.03;
Cox 2000) indicates a total (circumstellar plus interstellar) red-
dening EB−V of about 1.2.
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Fig. 3. Spectra of the absorption line or featureless objects in the red setting. The spectra were normalised to continuum. A constant offset of 1.2
was applied between the adjacent spectra. Vertical dashed lines indicate the rest wavelengths of the indicated absorption lines.
Object No.9: J052043 is another C-rich post-AGB star with
a strong 21 µm dust feature (Volk et al. 2011; Matsuura et al.
2014; Sloan et al. 2014). It has a complicated variability pattern
with dominant period of about 74 days (Hrivnak et al. 2015).
This object is classified as a F5Ib(e) type (about 6400 K; Cox
2000) by van Aarle et al. (2011), or F8I(e) (about 5750 K; Cox
2000) by Hrivnak et al. (2015). J052043 clearly shows an s-
process Ba element line at 6496 Å (see further discussion). We
assign F5I spectral type (about 6370 K; Cox 2000) for this object
based on the strength of Ca ii triplet compared to Pa series. The
observed colour B-V=1.44 (Zaritsky et al. 2004), with a spectral
type of F5I ((B-V)0=0.32; Cox 2000) indicates a total reddening
EB−V of about 1.1.
Object No.7: J051110 is also a C-rich post-AGB star with
21 µm dust feature (Volk et al. 2011; Matsuura et al. 2014; Sloan
et al. 2014). This object shows clear evidence of variability with
two significant periods of about 112 and 96 days (Hrivnak et al.
2015). van Aarle et al. (2011) determined the spectral type of
this object as F3II(e) type (about 6800 K for luminosity class I;
Cox 2000), or slightly more for luminosity class II, which agrees
with Teff of 7000 ± 250 K obtained from their SED modelling.
We classify it as F0Ib type (about 7460 K; Cox 2000), but with
large uncertainty. J051110 also shows an s-process Ba element
line at 6496 Å (see further discussion). The observed colour B-V
of about 1.8 (Zaritsky et al. 2004), with a spectral type of FOIb
((B-V)0=0.17 for luminosity class I object; Cox 2000) indicates
a total reddening EB−V of about 1.6. Clearly, the object is heavily
reddened.
Object No. 3: J010546 is the only SMC object in our sample
with stellar absorption lines in its spectrum. It shows relatively
weak Hα emission with broad wings superimposed on contin-
uum, and some weak absorption lines. The Ca triplet does not
appear to be superimposed on a Paschen series. The O I line at
7774 Å is visible, as are the Si II 6347, 6371 Å lines. The best
fit to the standards was achieved for B8 Ia/b type (temperature
of about 11,100 K; Cox 2000). The observed colour indicates the
total reddening EB−V of about 0.4 for this object. This source also
shows the 21 µm feature (Volk et al. 2011; Sloan et al. 2014), so
it is a C-rich post-AGB star. Kamath et al. (2014) list it as a hot
post-AGB/RGB candidate.
4.2.2. Synthetic spectra: analysis procedure
A grid of model atmospheres of supergiants2 was computed us-
ing the SAM12 program (Pavlenko 2003). SAM12 is a modifi-
cation of the ATLAS12 code of Kurucz (1993). When comput-
ing cooler model atmospheres ( Teff ≤9000 K), we modelled the
2 The model atmospheres are available from
//ftp.mao.kiev.ua/pub/y/2017/postAGB/.
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Fig. 4. Spectra of objects in the blue setting. The spectra are normalised to continuum.
convective energy transport using mixing-length theory with the
ratio of mixing length to scale height l/h = 1.6. The line opacity
was used in the framework of opacity sampling technique (Sne-
den et al. 1976) with the VALD2 atomic list (Kupka et al. 1999).
We computed model atmospheres of effective temperatures
Teff = 5250 − 8000 K with steps of 250 K and Teff = 9000
K; gravities log g = 0, 0.5, 1 for the cooler models and log g =
1.5−2.5 for the hotter models (step of 0.5 in log g ); and metallic-
ities [Fe/H]= 0,−0.2,−0.5,−1,−1.5,−2,−2.5. Since these ob-
jects are all C-rich, we then computed model atmosphere grids
for a set of [C/O] = +0.2, +0.4. We found that the dependence of
our results on [C/O] is marginal; nevertheless, we carried out our
analysis for different values of [C/O]. For analysis of the hottest
star in our sample we computed an additional set of hot model at-
mospheres of Teff from 10 000 to 20 000 K, with step of 1000 K
and log g = 2.0 − 3.5.
The technique of synthetic spectra was used to carry out our
analysis of the observed spectra computed with the WITA6 pro-
gram (Pavlenko 1997) within the classical framework. A micro-
turbulent velocity of Vt =3.5 km/s was adopted. Our synthetic
spectra were computed with wavelength steps of 0.025 Å, which
provided detailed profiles of all the lines.
In the most general case the quality of the fits to the observed
spectra depends on many adopted parameters: effective temper-
ature, gravity, microturbulent velocity, and the abundances of el-
ements. In this paper we solve a restricted case using fits to the
selected narrow spectral region 8450−8800 Å. Unfortunately, we
do not have good enough data to provide the detailed numerical
analysis of the abundance of all elements. Therefore, we used the
parameter of metallicity for most of the elements, except for car-
bon and s-elements. Some s-process elements are so overabun-
dant that their lines are seen in the spectra of the absorption-line
objects. This allowed us to estimate their abundances (see Sec-
tion 4.2.4).
The observed spectra are broadened by macroturbulence and
by instrumental broadening; both are implemented in the mod-
elling by smoothing the computed spectra with a correspondent
Gaussian, which is a reasonable approach for fitting stellar spec-
tra. The appropriate values of full width at half maximum were
determined from every spectrum during the procedure of finding
the best fit to the observed spectrum.
Using the standard χ2 procedure to determine the best fit of
synthetic spectra (Ssynt) from our grid to the observed spectrum
(Sobs), we find the minimum of the 3D functional
S ( fh, fs, fg) = Σ(S synt( fs, fg) × fh − S obs)2,
where fh is the flux normalisation coefficient, fs is the wave-
length shift between the theoretical and observed spectra, and
fg a parameter of convolution describing the broadening by
macroturbulent motions and instrumental broadening. The ob-
served spectra had been normalised to the continuum/pseudo-
continuum prior modelling.
4.2.3. Fits to the observed spectra
The parameters of the stellar atmospheres were obtained from
the fits to the H I Paschen lines and the Ca ii triplet at 8498 Å,
8542 Å, and 8662 Å lines. All three Ca lines were blended with
the H i Paschen lines at the resolution of our red spectra. This is
demonstrated in Fig. 5, which shows an example of a synthetic
spectrum without hydrogen (red line) where the Ca ii triplet lines
are clearly seen, and a spectrum of pure hydrogen (green line)
where the subsequent lines of the H Paschen series are identi-
fied. It is worth noting that for a given metallicity, Ca lines be-
come weaker on the hot edge of our temperature range, while the
strength of H lines increases at the same time. Thus, this spectral
region provides a good opportunity for the self-consistent deter-
mination of Teff and [Fe/H]. For simplicity, we made the rea-
sonable assumption that the abundance of Ca follows the trend
of [Fe/H].
All observed spectra were affected by fringing, which pos-
sessed an amplitude of about 10% on the red side. This restricted
the accuracy of our fit. Nevertheless, using the procedure of fit-
ting the observed spectra in the spectral region of the Ca ii and
Paschen lines, we were able to determine Teff and log g. In our
case, the formal error in the measured quantities should be equiv-
alent to the lowest step in the grid, namely 250 K in Teff and 0.5
in log g.
Due to the broad profiles and blending effects of the Paschen
H i photospheric lines, it is very difficult to perform proper nor-
malisation of the spectra with respect to the local continuum
level for the Paschen series lines. Thus, after preliminary mod-
elling we normalised the spectra to the continuum for a second
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time. Then the modelling was performed again to get more ac-
curate stellar parameters.
We began by testing our modelling procedure by fitting the
spectrum of the supergiant Sk 105, observed by us as a template
star. Sk 105 is the brightest star in our sample and was observed
with the best S/N. Results of the fit to the Sk 105 spectrum are
shown in Fig 6. The best fit to the observed spectrum, determined
primarily by fitting the H Paschen lines and Ca II subordinate
triplet at 8498, 8542, and 8662 Å, provides our estimation of its
effective temperature, gravity, metallicity, and [C/O]: 6500/0.5/-
0.5/0.0. Our estimation of Teff is quite similar to the value of
Teff = 6800 K derived by Neugent et al. (2010). The presence of
Paschen lines of H I and lines of the Ca II triplet of the observed
strength qualitatively agree with our Teff estimation.
Following the reasonably good fit to the spectrum of Sk 105,
we applied our procedure to the four objects with absorption
Table 5. Parameters of the model atmospheres
object Teff log g [Fe/H] [C/O]
[K] dex dex dex
J052520 6750 0.5 -1.5 0.4
J052043 6250 0.5 -0.2 0.2
J051110 6750 0.5 -1.0 0.4
J010546 10000 3.0 0.0 0.2
15000 2.5 0.0 0.4
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lines in their SALT spectra. Our best fits, together with the ob-
tained model atmosphere parameters, are shown in Fig. 7 for ob-
ject No.11: J052520, in Fig. 9 for object No.9: J052043, in Fig.
10 for object No.7: J051110, and in Fig.11 for object No.3:
J010546. The obtained model atmosphere parameters confirm
the post-AGB nature of each object, and they are the first such
values determined for J051110 and J010546. These model atmo-
sphere values are listed in Table 5.
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Fig. 10. Best fit of the synthetic spectrum computed for a model at-
mosphere of 6750/0.5/-1.0/0.4 (green line) to the observed spectrum of
object No.7: J051110.
For J052520 the fit to the observed spectrum is fairly good
(see Fig.7) and the correctness of the parameters is supported by
the good agreement of the fit to the blue part of the spectrum (see
Fig.8). The blue part of the spectrum shows strong resonance
lines of Ca II at λλ 3934 and 3968 Å, which can be used as an
independent check of the obtained best stellar parameters from
the fits to lines in the near-IR spectrum. In Fig. 8 we compare
observed blue part of the spectrum (red line) with the theoretical
spectrum (green line) obtained for the best fitting parameters (see
Table 5). As can be seen, the theoretical spectrum reproduces
fairly well the observed Ca II lines, and the H Paschen lines,
thus providing evidence that our method gives consistent results
and that the obtained stellar parameters are correct.
Kamath et al. (2015) has also derived stellar parameters from
model atmosphere fitting to their low-resolution spectrum of this
object. While their effective temperature is the same as in our
model (6750 K), the metallicity and especially the gravity differ.
They obtained log g = 2.5, causing them to classify the star as a
young object. Since the post-AGB nature of this object is well
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Fig. 11. Best fit of the synthetic spectra computed for model atmo-
spheres of 15000/2.5/0.0/0.4 (green line) and 10000/3.0/0.0/0.2 (blue
line) to the observed spectrum (red line) of object No.3 J010546, as-
suming different continuum levels at 1.0 and 1.03, respectively.
established (presence of 21 µm feature), they argue that a large
uncertainty in their log g value arises from the difficulty in fitting
the Ca triplet region in spectra of this temperature and the rather
noisy spectrum in the region of the Balmer lines 3750 - 3950 Å.
The obtained Teff of 6750 K is very different to that inferred
from the MK classification of about 9000 K (see Sect. 4.2.1). In
Fig. 7 we also show the best fit obtained with 9000 K. Clearly
this temperature value results in hydrogen lines that are too
strong. Taking into account all the above arguments we can con-
clude that the MK classification gives the wrong spectral type.
Modelling yields the lowest metallicity for J052520 of all ob-
served absorption-line objects, and this may be the reason for
the large difference between MK classification and the model.
In the case of J052043, the fit to the spectrum is good except
for the Paschen line at 8600 Å (see Fig.9). Our spectral clas-
sification of F5I (about 6370 K) is consistent with the derived
temperature of 6250 K. van Aarle et al. (2013) derived a lower
temperature (5750 K) and lower metallicity ([Fe/H]=-1.0) from
the analysis of their UVES spectra. In Fig. 9 we show the syn-
thetic spectrum computed for parameters obtained by van Aarle
et al. (2013). As can be seen, the hydrogen lines are too weak for
Teff = 5750 K, and the the Ca lines are shallower for a metal-
licity [Fe/H] = -1.0, as expected. One explanation for this differ-
ence could be variability of the source. J052043 has a dominant
period of about 74 days (Hrivnak et al. 2015). Hrivnak et al.
(2010) found that PPNe show colour changes corresponding to
temperature changes of 300−700 K.
The fit for J051110 is reasonably good (see Fig. 10), but it
does not fit the Ca 8500 Å line or the Paschen line at 8600 Å.
The fit gives a temperature of 6750 K. This disagrees quite a bit
with the temperature estimation of 7460 K based on our MK
classification as F0I. However, as we mention in Sect. 4.2.1, this
determination was made with a large uncertainty. On the other
hand, the difference can be accounted for by stellar pulsations
and related variability in temperature. We note that the value
ofTeff determined by our model agrees within the error with the
temperature determination from MK classification or SED mod-
elling by van Aarle et al. (2011).
J010546 is the hottest star among our absorption-line ob-
jects. It shows relatively weak lines of hydrogen and ionised
calcium, which both indicate a rather high effective tempera-
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Table 6. Abundances of s-elements in the atmospheres of three post-
AGB stars.
Z J051110 J052043 J052520
blue red
[Y/Fe] 39 +2.2 +2.5 +2.5 +2.7
[Zr/Fe] 40 +2.5 +2.5 +2.0 +2.0:
[Ba/Fe] 56 +3.3 +2.5 – +2.9
[La/Fe] 57 +3.0 +2.5 +2.0 +3.0
[Ce/Fe] 58 +3.0 +1.8 +1.5 +2.0:
[Sm/Fe] 62 +2.6 +1.8 +1.5 +1.9:
The ‘:’ flag indicates less confident results.
ture. Our fit indicates that the temperature of J010546 is in the
range 10 000−15 000 K (see Fig. 11), which agrees with the MK
classification of B8I (11100 K). In general, the results of the
best fit depend on the adopted continuum level in the selected
spectral range. For this source the structure of the spectrum is
quite complicated, and the continuum level is poorly determined.
Therefore, we performed fits for two adopted continuum levels
in the observed spectrum. Results for the continuum at 1.0 and
1.03 are shown in Fig. 11 as the green and blue line, respec-
tively. Both models reproduce the P12 - P15 lines of hydrogen
and the Ca II lines fairly well. However, the formal goodness
S = 0.750±0.003 is slightly better for the fit with Teff =15000 K
than S = 0.890 ± 0.004 for Teff of 10000 K.
4.2.4. s-elements abundance.
As we already noted, the resolution of our spectra is not high
enough to carry out accurate determination of abundances. How-
ever, we see evidence of a significant contribution of s-element
lines in the spectra of our cooler absorption-line stars. As an ex-
ample, in Fig.12, we compare the spectrum of J051110, which
is shown by a red line, with the spectrum of our standard star Sk
105 (green line) in the range from 6200 to 6850 Å. The positions
of some transitions of s-process elements (Ba, Ce, La, Sm, Y, and
Zr) are shown by vertical arrows. As can be seen, the spectrum
of J051110 clearly shows absorption lines of s-process elements.
To get reliable fits to the observed spectra of our stars in the
wavelength range where s-process elements are clearly seen, we
increased the abundance of s-process elements during compu-
tations of the model atmospheres (see Table 6). Computations
were carried out for the model atmospheres with parameters
found from the fits to hydrogen Paschen and Ca II lines (Table 5).
However, while fitting the atomic lines of intermediate strength
in the observed spectra, we found that a microturbulent veloc-
ity Vt=4.5 km/s better describes the observations of s-element
absorption lines. Our numerical experiments show that the re-
sulting changes to the model atmospheres is marginal in the case
of changing Vt from 3.5 to 4.5 km/s.
The results of our fitting are shown in Fig. 13. The accuracy
of the abundance determination is not high (± 0.5 dex), mainly
due to the low resolution of our spectra. In the case of J052520,
we obtained similar results from the blue and red spectral ranges.
However, the red spectral range provides less confident results.
In the case of J052043, while fitting the model with the s-process
elements enhanced, we reduced the abundances of Ti and Fe by
-0.5 dex to get a better fit in the spectrum at 6200-6500 Å.
Finally, we note that in the spectrum of J051110, we de-
tected a strong absorption feature near 6708 Å. Reyniers et al.
(2002), in a study of post-AGB stars, identified the feature at
6708 Å as a Ce ii line λ 6708.099 Å. However, to get the right fit
to wavelength and strength of this feature in J051110 the con-
tribution from Li i 6707.8 Å line seems to be necessary. In this
spectral region, Ce ii has three transitions at 6704.5 Å, 6706.1 Å,
and 6708.1 (see e.g. Reyniers et al. 2002), which in our resolu-
tion are blended into a single line, and a strong line at 6775 Å
(see red line in Fig. 14).
In order to fit the observed intensity of the 6708 Å absorp-
tion and position of the 6775 Å line, we had to enhance the Ce
abundance to [Ce/Fe]=+2.9 and to shift the theoretical spectrum
by about 45 km/s (about 1 Å) to the right. We note that the reso-
lution of our spectra is about 1500 and the position of each line
is known with an accuracy of about 2 Å. However, this shift in
wavelengths, while giving right position of the Ce ii 6775 Å line,
does not seem to reproduce the position of the 6708 Å blend. In
addition, the assumed enhancement of Ce results in absorption
that is too strong at 6775 Å (see green line in Fig. 14). One of
the obvious explanations for this discrepancy is that the lithium
Li i 6707.8 Å line contributes to the observed blend at 6708 Å.
This fit, with the large enhancement of [Li]=+4.1 and slightly re-
duced overabundance of Ce ([Ce/Fe]=+2.5), is shown in Fig. 14
(blue line). The match in position and strength for both features
at 6708 and 6775 Å is much better now. However, the limited
resolution of our spectrum does not allow us to perform a more
detailed analysis. Spectra of much higher resolutions are nec-
essary to confirm the presence of lithium in the atmosphere of
J05110. Interestingly, the other stars in our sample do not show
the 6708 Å feature.
5. Discussion and conclusions
We observed fifteen optically bright post-AGB candidates and
one spectroscopic standard in the MCs using the SALT tele-
scope. The candidates were selected on the basis of the infrared
colour-colour diagram [K]-24 versus [K]-[8], residing in the re-
gion where most of the known post-AGBs and PNe, as well as
our HD evolutionary tracks, are located. The spectra were ob-
tained mainly in the red region (6160−9140 Å) and have rela-
tively low resolution R∼1500. Ten stars show emission lines or
combined emission and absorption lines in their spectra, one ob-
ject has an essentially featureless spectrum, and four stars have
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absorption-line spectra and are likely post-AGB stars. We exam-
ined the long-slit spectra for diffuse background Hα emission; it
is found in most of the emission-line objects, but in none of the
likely post-AGB stars. The summary of the obtained results is
presented in Tab. 4.
Among the emission-line objects, we classify three as young
stellar objects (objects No. 1, 2, and 8 according to the numbers
from Table 1), two as possible Herbig Ae/Be stars (No. 4 and 5),
two as massive stars probably post-main sequence (No. 6 and
14), one as a galaxy (No. 10), one as a planetary nebula (No. 12),
and two as R CrB stars (No. 13 and 15, the latter classified as
such for the first time).
For the four absorption-line objects (No. 3, 7, 9, and 11),
we performed MK classification of the spectra and found them
to range from B8 to F5 supergiants. We then fitted model at-
mospheres to the spectra to derive their physical parameters.
The obtained model parameters confirm the post-AGB nature
of the objects, and physical parameters were obtained for the
first time for objects No. 3 and 7. For three of them (No. 7, 9,
and 11), we calculated the approximate abundances of the s-
process elements, and for object No. 11 we argued that lithium
contributes to the absorption structure observed at about 6708 Å.
All absorption-line objects are C-rich as they possess the charac-
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teristic 21 µm feature. However, the C/O ratio is poorly known
in the atmospheres of our stars due to the lack of the appropriate
absorption lines in their spectra.
Among the 15 objects from our sample, we identified 7
evolved objects (four genuine post-AGB stars, two R CrB stars,
and one PN), 7 young objects (three YSOs, two massive stars,
and two Herbig Ae/Be stars), and one galaxy. Thus, we can con-
clude that the selected region on [K]-24 versus [K]-[8] colour-
colour diagram is able to discriminate evolved objects at a suc-
cess rate of about 50% (about 25% for genuine post-AGB ob-
jects). The remaining objects are YSOs or massive post-main
sequence stars taking into account their circumstellar dust emis-
sion. These statistics are valid only for the brightest objects,
which were selected in order to obtain optical spectroscopy with
SALT at a reasonable S/N. We normally expect massive stars to
be relatively rare in a general sample because they are relatively
short-lived. However, by selecting the brightest objects our sam-
ple was biased toward the inclusion of massive evolved stars.
It is possible to use an independent test to check the useful-
ness of the area that we denoted as ’post-AGB candidates area’.
Recently, Jones et al. (2017) classified about 1000 Spitzer spec-
tra for about 800 sources in the Large Magellanic Cloud. These
sources cover most star evolutionary stages. Those with good
photometry at K, [8], and [24] bands are plotted in Fig. 15. We
counted together objects of different chemistry (C- and O-rich)
for AGB and post-AGB stars, and different classes of YSOs. The
numbers in parentheses in the inset indicate the total number of
sources in each class plotted in the figure. In the post-AGB can-
didate area (above the black line) there are altogether 172 ob-
jects: 84 YSOs; 26 massive stars; 14 others; 5 AGB stars; 23
PNe; 19 genuine post-AGB stars; and 1 RCrB star. As can be
seen, young objects compose more than 60% of the total num-
ber of sources, while evolved stars less than 30% of them. About
66% (19/29) of the genuine post-AGB stars are located in the
selected region, but they compose only about 11% of the total
number of sources above the black solid line in Fig.15.
Thus the region we delineated of the [K]-24 versus [K]-[8]
colour-colour diagram as a ‘post-AGB candidate area’ seems to
select most of them, but it is populated by far more YSOs and
other types of emission-line objects than it is by post-AGB stars.
Photometry at longer wavelength bands would allow us to better
discriminate on the basis of colour, as it was in the case with the
IRAS filters (see e.g. van der Veen & Habing 1988). Until that
is available, it appears that it is possible to use low-resolution
spectra to eliminate the strong emission-line objects from con-
sideration as post-AGB stars (but perhaps losing some PN). In
addition, post-AGB objects of F–G spectral types are known to
pulsate with periods from about 30 to about 150 days (see e.g.
Hrivnak et al. 2010, 2015), so studies of light variability of the
selected candidates may be helpful in identifying post-AGB ob-
jects.
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Appendix A: Colour-magnitude diagrams.
The four colour-magnitude diagrams investigated by Blum et al.
(2006) are shown here with application to the selected sam-
ple of post-AGB candidates. In each figure we plotted different
classes of LMC sources from Jones et al. (2017), which have
good corresponding photometry. We counted together objects
with different chemistry (C- and O-rich) for AGB and post-AGB
stars, and different classes of YSOs. In addition, we overplot-
ted positions of self-consistent, time-dependent hydrodynamical
(HD) radiative transfer calculations for gaseous dusty circum-
stellar shells around C-rich and O-rich stars in the final stages of
their AGB/post-AGB evolution. These calculations are based on
the evolutionary track for a star with an initial mass of 3.0 M,
which, due to mass loss, is reduced to typical mass for central
stars of post-AGB objects of 0.605 M (Bloecker 1995) at the
end of the AGB evolution, and single dust grain size (a=0.05
µm) for both chemical compositions: amorphous carbon (AC)
and astronomical silicates (ASil) (see Steffen et al. 1998, for
details). The HD evolutionary track for AC dust is shown by
red/orange dots (C-AGB Track/C-PAGB Track in the insets),
while for ASil dust by blue/light blue dots (O-AGB Track/O-
PAGB Track) for the AGB/post-AGB phase, respectively. The
HD models are plotted in equidistant intervals in time (100 years
for AGB and 0.3 year for post-AGB), so the density of the points
is a direct measure of the probability of finding various objects
in different parts of the diagram. The last 200 years during AGB
(the quick transition to post-AGB phase) are plotted each 20
years. The AGB phase covers 350 000 years, while the post-AGB
only about 1 000 years. The confirmed post-AGB objects are in-
dicated by the filled circles.
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Fig. A.1. Colour-magnitude diagram [3.6] vs [J]-[3.6]. The selected targets for SALT observations are indicated by circles: black (LMC), red
(SMC), and green (SK 105). The confirmed post-AGB objects (No. 3, 7, and 11) are plotted as filled circles and are located within 0<[J]-[3.6]< 2
and 12>[3.6]>14, which may be compared with Fig.3 of Blum et al. (2006). Object No. 9 has no J photometry.
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Fig. A.2. Colour-magnitude diagram [8.0] vs [J]-[8.0]. The selected targets for SALT observations are indicated by circles: black (LMC), red
(SMC), and green (SK 105). The confirmed post-AGB objects (No. 3, 7, and 11) are plotted as filled circles and are located within 5<[J]-[8.0]< 7
and 7>[3.6]>9, which is located within the extreme AGB star region in Fig.4 of Blum et al. (2006). Object No. 9 has no J photometry.
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Fig. A.3. Colour-magnitude diagram [8.0] vs [3.6]-[8.0]. The selected targets for SALT observations are indicated by circles: black (LMC), red
(SMC), and green (SK 105). The confirmed post-AGB objects (No. 3, 7, 9, and 11) are plotted as filled circles and are located within 3<[3.6]-
[8.0]< 6 and 7>[8.0]>9, which can be compared with Fig.5 of Blum et al. (2006).
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Fig. A.4. Colour-magnitude diagram [24.0] vs [8.0]-[24]. The selected targets for SALT observations are indicated by circles: black (LMC), red
(SMC), and green (SK 105). The confirmed post-AGB objects (No. 3, 7, 9, and 11) are plotted as filled circles and are located within 3<[8.0]-
[24]< 5 and 3>[24]>5, which can be compared with Fig.6 of Blum et al. (2006).
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